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I. INTRODUCTION 



A. PURPOSE 

This study is planned to provide the basis for more 
specific follow-on studies in the area of USMC digital (and 
residual analog) technical control needs in the near 
term (1987-1990) and the long term (1991+) . It will provide 
a framework for decision among alternative choices to 
initiate action to modify or replace the existing communica- 
tions technical control center, AN/TSQ-84, in order to 
satisfy the functional requirements for communications tech- 
nical control in the Fleet Marine Force (FMF) . 
Additionally, it will provide an assessment of all technical 
control functional requirements during this analog to 
digital transitional period. 

B. SUMMARY OF REQUESTED STUDY 

Technical control of communications systems is presently 
implemented at Marine Amphibious Force (MAF) , Marine 
Division (MARDIV) , Marine Aircraft Wing (MAW) and Force 
Service Support Group (FSS3 ) command posts by the employment 
of the Communications Technical Control Center, AN/TSQ-84. 
This facility provides for the Technical Control (TECHCON) 
functional requirements described in FMFM 10-1 [Ref. 1: 
pp. 3-16, 3-17] and has proved adequate for the analog 
architecture of existing Fleet Marine Force (FMF) communica- 
tion systems. The result is a single focus for the execu- 
tion of Systems Control (SYSCCN) planning, installation, 
operation and maintenance technical directives in the 
employment of these FMF systems. With the Department of 
Defense (DOD) commitment to transition to an all digital 
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communications environment in the FaF, it is essential that 
the TECHCON be capable of meeting the needs of the emerging 
digital technology and systems architecture. 

C. STUDY OBJECTIVES 

This study is to determine the digital technical control 
requirements, and discuss the modification or replacement of 
the AN/TSQ-84 to provide the necessary facilities in a 
digital (and residual analog) communications environment. 
This will provide an essential element in assessing the 
impact of digital systems and digital data communications on 
the Landing Force Integrated Communication Systems (LFICS) 
architecture [Bef. 2: Chapter 5]. 

There are three explicit basic tasks; 

1. Determine which of the FMFM 10-1 TECHCON functions 
apply in a digital environment. 

2. Identify implementation methods for these digital 
TECHCON functions. 

3. Determine to what extent the AN/TSQ-84 can accomodate 
the digital functions; and, if deficient in digital 
TECHCON functioning, determine modifications to the 
AN/TSQ-84 which would satisfy these requirements or 
identify alternative solutions. 

D. STUDY PLAN OF ATTACK 

A survey of all development activities in the USMC and 
other services will ne conducted to identify unilateral and 
■joint service "work-in-progress" and alternative solutions 
related to digital technical control. Both commercial and 
military literature will be reviewed for technological 
impact. The ultimate goals of this process are to identify 
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and exploit mutually satisfactory applications of digital 
technology, research, and development, and insure a high 
degree of compatabi lity between fielded technical control 
facilities. The documents which will determine the viable 
USMC alternatives and solution will be the FMFM 10-1 and the 
USMC Command and Control Master Plan [ Bef s. 1 , 2 ] in agree- 
ment with emerging digital network management technology, 
and interoperability constraints identified relative to the 
other military services and industry. 

The presentation includes necessary introductory 
material, such as: a description of the USMC landing force 

integrated communications system (LFICS) , and a brief 
discussion of network control and management. Following 
this introductory material, the study will focus on a 
discussion and presentation of the need, mission, and func- 
tions of digital technical control in the LFICS; a presenta- 
tion of several alternative solutions; an application of 
multicriteria decision theory in the selection of a "best/ 
better" alternative; and conclusions and recommendations. 
Also included, as Appendix G, are topics for future study. 

The reader is encouraged to refer to the sectioned 
bibliography. While many works are included which are not 
cited by reference, the list provides broadly categorized 
sources which range from introductory topics to material of 
great depth and complexity. It offers an excellent starting 
point for future research into the issues raised in this 
stu dy . 

E. STATEMENT OF THE NEED 

The basic assumption during the following discussion is 
that the existing technical control facility, AN/TSQ-84, 
will either prove to be totally inadequate for the mission 



or it will be clearly inferior to other existing, developing 
or new start facilities. Under these conditions, the 
discussion begins with a summary statement of the need (s) ; 



• 1 

Heed 1: Near Term (1987-1990) 

Determine what systems and/or equipments are 

reguired to meet the needs of near term hybrid 
analog/digital technical control in the LFICS. 

Heed 2: Long Term (1991+) 

Determine what systems and/or equipments are 

required to meet the needs of long term all 
digital technical control in the LFICS. 

I j 
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II. LANDING FORCE NODAL COMMUNICATIONS 



A. MILITARY COMMUNICATIONS SYSTEMS - GENEBAX 



It must be remembered throughout the following discus- 
sion that, although military systems may appear similar to 
commercial systems, there is a basic assumption which must 



not be overlooked. As stated by Torrieri: 



"In contrast to ordinary com munications syste 
communications systems must be designed with 
tion that they will operate in nostile 
Consequently, special techniques that might 
or even harmful in ordinary communications a 
communications systems that are to be vi 
battlefield." [Ref. 3: Preface] 



ms, 

the 



militar 
presump 
environments, 
be irrelevant 
re needed for 
able on the 



Although military systems employ the same technology, and 
often the same equipment as commercial systems, the essen- 
tial difference can be summed up in the catch-phrase 
"survivability." The military environment places 

constraints on the communicator which result in the fielding 
of systems with unique properties. Clearly not all equip- 
ment designed for military applications must operate over 
the complete range, of day-to-day peactime operations and 
training through total nuclear war; but a reasonable and 
affordable compromise is certainly achievable [Ref. 4]. 

Beth commercial and military systems suffer from the 
degrading effects of circuit properties and impairments. 
Tactical employment exposes military equipment to the worst 
of natural and man-made disruptions. The natural electro- 
magnetic spectrum is inherently hostile, military systems 
are faced with the additional burden of enemy interference 
with circuit paths through intrusion or jamming. The 
tactical necessity for frequent movement; installation, 
tear-down. 



re-installation of systems. 



takes a toll in 
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equipment casualties. Finally, there is the very real 
possibility of direct enemy attack upon command and control 
centers. If these assaults are successful, all or part of 
the communications system may be destroyed or disabled, 
thereby temporarily or permanently disrupting major portions 
of the communications capabilities. 

The military communications system must survive to 
provide service to its users. This neccessitates a view- 
point on selection of equipment and system employment which 
maximizes survivability in a ca tastophically hostile envi- 
ronment. System survivability cannot be achieved by 
focusing solely on equipment. While it is certainly neces- 
sary that equipment withstand the exposure of the battle- 
field, a higher level, systems approach to survivability 
provides a more viable solution. The goal is to design and 
implement a system architecture which is robust in that it 
provides redundancy of both equipment and capabilities; 
offers rapid selection of a variety of alternate means; and 
is comprised of upwardly and downwardly compatible equip- 
ment. The envisioned solution in the Marine Corps is the 
architecture of the landing force integrated communications 
system (LFICS). 



B. IBTBODOCTIOH TO LFICS 

The landing force integrated communications 

system (LFICS) presented in [Ref. 2: Chapter 5 ] is the 

defined architecture for the Marine Corps tactical communi- 
cations network. It consists of all personnel, equipment, 
interface and data formats required for operation of a 
landing force communications system. LFICS is not a single 
system but encompasses all resources which enable FMF 
commanders to exercise command and control over assigned 
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tactical forces in accomplishment of their mission. It 
includes a variety of circuit paths such as: single-channel 

point-to-point and netted radio, tactical digital informa- 
tion links (TADIL's) , and switched/non- switched multichannel 
communications. LFICS provides the internal and external 
circuits required by the commander at each echelon. The 
achievable configurations are limited only by the needs of 
the commander and the available resources. 

The ultimate goal is to configure the LFICS as a common- 
user network, which is conceptually equivalent to a typical 
nodal circuit switched network found in any of several 
sources in the commercial literature, such as in Stallings 
[Bef. 5: Chapters 1 and 8]. Reduced to its simplest form, a 
nodal circuit switched network can be explained as follows: 
two or more separate nodes which communicate (i nternodally ) 
with each other over demand established circuits and inter- 
nally (intranodally) provide services to a variety of local 
users. A demand circuit between users is established, 
remains active for the duration of the transfer (voice or 
data), and is then disconnected, freeing common resources 
for other network users. 

1 . Analog to Pi gita l Tran sitio n 

The transition of the LFICS from an analog to an all 
digital environment is underway. The projections of 

£Bef. 2] identify the near term period (1987-1990) as a 
hybrid analog and digital environment, and the long term 
period (1991 + ) as the target for complete transition to a 
digital environment. 

In the near term period several new digital devices 
will be fielded. Since there will also be residual analog 
devices in service, the LFICS architecture and equipment 
must retain limited analog interface capabilities. In the 
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long term, as the analog devices are totally replaced by 
digital devices, the analog interface capabilities will be 
eliminated from the transitional systems by removal of 
special pupose analog modules or the fielding of newer, all 
digital replacements. 

2 • Focus on a S e neri c LFICS N ode 

In the LFICS, a node is constructed at each major 
command and control center. As enumerated in [Hef. 2 : 
Chapter 5] and shown generically as Figure D.3 in 

Appendix D. These nodes range in size from infantry 
battalion, artillery battery units, up through FSSG, MAW, 
MARDIV and MAF levels. When a LFICS node is viewed sepa- 
rately from its network, it exhibits certain characteristics 
which remain fairly constant regardless of the command 
level. 



A node provides internal (intranodal) and 
external (internodal) communications services to its local 
users. The intranodal user-to-user connections are provided 
by manual, semiautomatic, and fully automatic switching of 
circuit paths. The internodal services are provided by a 
variety of single channel and multichannel radios, satellite 
terminals, and metallic or fiber cable systems, as appro- 
priate. A LFICS node connects to one or more external nodes 
via these various transmission media. The resulting array 
of individually tailored nodes forms the LFICS network. 

3 . LFICS Employed as a MA F Networ k 

As previously mentioned, the resources of the LFICS 
are employed in many ways to support the communications 
needs of the force commander. For illustrative purposes, 
the MAF structure can be used to provide insight into the 
functioning of the network. The LFICS network of Figure 2.1 
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shows the internodal connectivity and hierarchial structure 
of a typical MAF employment. 




Figure 2.1 A Typical MAF Network. 

Notice that there is an explicit extension beyond 
these Marine Corps organizations to the US Navy for entry in 
the Defense Communications System (DCS), Navy Tactical Data 
System (NTDS) ; and to other services and senior (Joint 
Command) nodes. 
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LFICS NETWORK FUNCTIONING 



The example of Figure 2.1 illustrates the primary factors 
contributing to the survivability of the LFICS: redundancy 

of internodal connectivity, and alternate means of connec- 
tivity. The example MAF LFICS network exhibits what is 
known as fully connected or mesh topology for the major 
command and control nodes of interest in this study (those 
highlighted in Figure 2 . 1 ). It can be seen that surviv- 
ability is enhanced by the topology and the loss of one or 
more nodes has little effect on the connectivity and func- 
tioning of the remaining portions of the network. All 
communications services provided by the underlying LFICS 
architecture are transparent. That is, the underlying 
network methodology and technology is of no concern to a 
user as long as there exists the capability to transfer data 
from cne location to another. This is the essence of any 
effective communications system as data forms the basis of 
information 1 which is needed by each user to perform their 
respective tasks in the overall command and control environ- 
ment. These information needs are often not well defined 
beyond interconnection at the network nodal level. This is 
of little consequence in a common-user switched network such 
as envisioned in LFICS as circuit paths are provided on a 
demand basis. The signals containing the data must be 
routed from an originating user data terminal equip- 
ment (DTE), via data communication equipment ( DCE) , to one 
or more receiving user DTE's. As shown from a nodal view- 
point in the flow chart of Figure 2.2, the path a signal 
follows from its origin to its destination within the 
network can be a choice among many alternatives. Any user 
terminal equipment which originates and/or receives data (or 



l h point driven home by COMO Grace Hopper, USN, during 
her presentation at the Naval Postgraduate School on 
July 10, 1985. 
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voice) is classified as data terminal equipment (DTE) ; like- 
wise, any media and associated eguipment item which func- 
tions as part of the circuit path between two (or more) 
users is classified as data communication equipment (DCE) . 
The circuit path may be intranodal user-to-user , or may 
extend internodally to, or through, one or more distant 
nodes, to an ultimate destination. 
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Figure 2.2 Signal Routing Within a Typical Node. 



25 



Signal routing decisions within the LFICS are made by: 
manual, semi-automatic or automatic circuit and message 
switching eguipment; or by direct media connectivity. There 
is inherent in the DC E , the necessary conversion 
process (signal levels, rate, coding, ...) which provides 
compatible signals at the switching eguipment, and at the 
DTE. This conversion may occur at the switch interface or 
in a seguence of DCE . Ultimately, all signals entering a 
node are processed, delivered to a local DTE, or retran- 
smitted through the internodal media to a more distant node. 
It can readily be seen that as a signal path transitions 
from external DCE to internal DCE, or local DTE to local 
DTE, there exists a need for connectivity between the 
variety of transmission media and the local DC E/DTE. This 
connectivity is provided by a main distribution frame (MDF) . 

D. MAIN DISTRIBUTION FRAME 

The main distribution frame (MDF) has as its primary 
function, the physical, metallic and/or electronic intercon- 
nection of all internodal transmission eguipment, nodal 
circuit and message switching eguipment, and local user 
terminals. The MDF exists, in some degree, at all nodal 
levels wherein user or switching (DTE/DCE) reguirements 
dictate. The MDF provides a centralized circuit appearance 

for every item of DTE and DCE within the node and is an 
ideal location for exercise of LFICS communications control 
functions. 
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III. CO HMO HI CATIOHS SYSTEM CONTROL AND MAN AGEM ENT 



A. GENERAL 

Communications control is a concept for overall control 
of available communications resources to provide the neces- 
sary responsiveness to the telecommunications needs of the 
force commanders. The employment of communications control 
concepts are appropriate at all levels, or nodes, of the 
landing force integrated communication system (LFICS) and 
are employed by an organic Communications Officer/Chief or 
more elaborate organization as discussed below. This study 
addresses primarily those nodes at MAP, MARDIV, MAW, and 
FSSG command posts as mentioned in the introduction. Each 
of these command and control or support organizations 
constitutes a nodal element in the overall LFICS architec- 
ture described [Ref. 2: Chapter 5]. 

More specifically, communications control (COMMCON) is a 
management organization whose tasks include the typical 
organizing, planning, directing, controlling, coordinating, 
and evaluating functions applied to communications personnel 
and equipment resources employed to accomplish the assigned 
missions and tasks. While the majority of COMMCON activity 
is intranodal, its responsibilities extend beyond the host 
node to senior, subordinate and adjacent nodes within the 
network. This internodal cooperation is essential to insure 
the proper management of joint responsibilities within the 
LFICS structure and the resulting networx speed, reliability 
and flexibility. The overall organization of COMMCON 
consists of several elements and subordinate functional 
organizations. The identification of these elements and 
their missions is highly summarized in the following. For a 
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more complete description, and a comparison with the joint 
service (TRI-TAC) equivalent terminology and functions, 
please refer to Appendix A. 



1. System Contr o l ( SYS CON) 



System control is a method for managing the communi- 
cation resources for the effective and economical utiliza- 
tion of equipment and personnel resources and includes 
planning, engineering, determination and evaluation of 
requirements and restoration policies, centralized direction 
and control. SYSCON is subdivided into two main functional 
areas: system planning and engineering (SPE) and opera- 

tional system control (OSC) . 



2 . 



-I Plann i nq an d Ed qine e ri nq ( SPE ) 



The SPE plans for the implementation of the communi- 
cations system. 

3. Operatio n al System Control ( OSC ) 

The function of the OSC is to ensure that all avail- 
able circuits are used to the best advantage in the dynamic 
force communication system. The OSC has an operational 
sub-element, the operational system control center (OSCC) . 

4. Operat io nal Sys tem Contr ol Cente r ( OS pc) 

The OSCC operationally manages, within prescribed 
limits, the communications resources through direct control 
of all personnel and equipment resources. The OSCC employs 
the technical control facility as the means of implementa- 
tion of communications system plans and directives issued by 
the OSC. 
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5- Techn i cal Contro l ( TECHCON ) 



The TECHCON or TECHCON facility (TECHCONFAC or TCP) 
is the focal point and means of exercising centralized tech- 
nical supervision and control over the installation, opera- 
tion and maintenance of selected circuits- It provides for 
a common interface point (MDF) between nodal DTE users, DCE , 
and the various internodal transmission media; and provides 
a facility for performance of the required technical control 
procedures and tasks which implement the functions discussed 
in the following chapter. 

The focus of the remainder of this study is on the 
needs and functions of technical control in the near 
term (1 987-1990) hybrid analog and digital; and the long 
term (1991+) all digital LFICS environments. A detailed 
presentation of the existing TECHCON functional requirements 
from both the USMC and joint service viewpoints is found in 
Appendix A. 
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IV. TECHNICAL CO NTROL OF AN A NALOG/DIGIT AL NETWORK 
A. GENERAL 

The main distribution frame (MDF) has been defined and 
identified as the ideal location for performing network 
management and control functions. The control of a large 

network, such as a LFICS MAF employment, involves many mana- 
gerial and technical aspects. Since the focus of this study 
is upon technical control, the following sections present 
general and specific discussion which address the question: 
What are the functions, procedures, tasks, and general char- 
acteristics of technical control in an analog and digital 
environment? 

It is curious to note that industry is now seriously 
facing the same large-scale digital network management situ- 
ation as we are in the military. That is, to decide what 
technical control functions are required, where it is 
located within the network, and how technical control accom- 
plishes it functions. There is a wealth of discussion in 
both the commercial and military literature on this 
sub ject . 2 

1 . Gene r al Tec h n ica l C ontrol Func ti o ns 

There is nearly universal agreement between industry 
and the military on the basic technical control functions. 
While exact viewpoints differ semantically, such as: Lowry, 

Lester and Ogle [fiefs. 6,7,8] and the military [fief. 9: 
p. 2-1], their diversities can be aggregated and highly 
summarized as shown in Table 1 below. 



2 The reader is referred to the sectioned bibliograpy for 
a detailed list of categorized references. 
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TABLE 1 

GENERAL TECHNICAL CONTROL FUNCTIONS 
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Connec tivity 
Monitoring 
Isola tion 
Rest oral 
Reporting 
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sive but do form 
Technical control fu 
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ons are not very specific nor all inclu- 
the basis for further discussion, 
notions should not be confused with the 
which are required to implement them, 
be highly summarized and general, the 
and tasks are detailed. These proce- 
leraented in a variety of locations 
ork and using a variety of techniques, 
ary community consensus is that nodal 
rovide the appropriate sites for both 
centralized control. As will be seen 
centralized control" does not imply a 
thout remote or redundant capabilities; 
point for the management and control of 
ities. Circuit access is a critical 
iraary reason for selection of the MDF as 
Ref. 10 ] 



The "how" of technical control is a much more 
detailed issue to resolve. There exist numerable misconcep- 
tions as to the differences between analog and digital tech- 
nical control. The two are not mutually exclusive. All 



technical control functions which apply to analog systems 
apply egually to digital systems. It is the specific proce- 
dures and tests which differ between the two. As discussed 
by Leggett [Bef. 11 ], the foundations of the transmission of 
digital data are in the analog characteristics of the 
circuit media. The ignoring of these analog properties and 
potential impairments is eguivalent to an assumption of 
analog perfection. This assumption is not acceptable. 
Except in the case of baseband transmission of digital data, 
all circuits must meet the minimum analog transmission media 
standards before the additional circuit requirements (if 
any) of high-speed digital data can be imposed. The tech- 
nical control facility, AN/TSQ-84, is adeguate in the 
strictly analog sense as presently required. It would 
require interface modifications to match its 26-pair cable 
connectors to coaxial or fiber optic cable systems if oper- 
ated with the newer digital equipment. The additional 
testing required for the quantification of digital circuit 
properties and impairments is beyond our current 
capabilities. 

These technical control functions, procedures and 
tasks are implemented through the application of appropriate 
test, measurement and diagnostic equipment (TMDE) . The 
selection , of this equipment is beyond the scope of this 
study. It suffices to point out that there is a broad spec- 
trum of analog and digital TMDE available off-the-shelf from 
both standard military and commercial inventories. This 
variety of choice is based on the invariance of circuit 
physical properties and impairments across communications 
systems in both military and commercial applications. 
Analog and digital circuit properties and impairments are 
too detailed for the purposes of this study and will not be 
discussed. They were, however, examined as a by-product of 
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the basic research and are summarized for the interested 

reader in Appendix B. Also presented in Appendix B is a 

summary of the LFICS signal characteristics in terms of 
connectivity, bandwidth, data rate, etc. Once the desired 
technical control facility is specifically defined, in a 
more detailed study, the selection from among the variety of 

TMDE will be based upon the equipment needs for the imple- 

mentation of specific procedures and tasks relative to the 
circuit characteristics summarized in Appendix B. 

2. Int er op er abi lity Con si deratio ns 



It is a requirement stated in [Hef. 2: 
pp. 1—4 6 1-5] that all LFICS equipment be interoperable 
with other service and allied forces. The US Air Force is 
procuring the AN/TSQ-111 [Ref. 12] and the US Army intends 
to implement the AN/TTC-39A for service in the subject time 
periods. The Marine Corps, therefore, must consider the 
impact of our selection of technical control facility when 
required to operate in a joint environment. TRI-TAC is the 
joint service agency which is the proponent of this inter- 
operability for US forces as well as NATO allied forces. If 
we deviate from the TRI-TAC standards, we place ourselves in 
a situation of relative isolation as far as joint circuit 
management and technical control. In the point-to-point 
mode of circuit diagnosis, each end of the path must have 
compatible suites of TMDE or we severely limit our capa- 
bility to isolate and restore in a timely fashion. 



3. Automation of Technical Control? 

We often take the viewpoint that the most affordable 
approach to systems acquisition is to design and obtain only 
what we need to achieve the mission, often resulting in the 
implementation of manual procedures. This is a bottom-up 
approach to achievement of the threshold 
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"mission capability" and often falls short in growth poten- 
tial and in operations under degraded conditions. It 
assumes that we have completely defined all potential user 
information needs and requirements for the life of the 
emerging system. As mentioned by Pipho (Ref. 13] there is 
no Marine Corps enumeration of these user data needs. On 
the other hand, a viewpoint which takes a top-down approach 
will often settle at the same point of mission capability. 
But this approach provides a better feeling that redundancy, 
"excess capability", and growth potential needs have at 
least been examined systematically. Redundancy and excess 
capability provide some assurance that in a degraded mode of 
operation, we remain capable of achieving the mission. A 
classic case of excess capability is in the area of automa- 
tion. Is automation necessary and how much is enough? 

There is a definite direction indicated in both the 
military and industrial literature. That direction is 
toward fully automated technical control facilities. In 
Pigeon [Ref. 14], the thrust is described as an attempt to 
leave the era of the "fire fighting" or "If it's not 
broken, don’t fix it" approach to technical control and 
progress to the predictive technical management realm 
through the use of automation. Military service efforts are 
also heading in this direction with the US Air Force devel- 
opment of the AN/TSQ-111, the US Army development of the 
AN/TTC-39A with technical control capabilities and our own 
planned enhancements to the AN/TTC-42 to provide automatic 
go/no-go monitoring of circuits. 3 



3 The US Army also experimented with an automated upgrade 
of the existing facility called the AN/TSQ-84A then decided 
not tc pursue the project any further. A brief description 
of each of these equipments can be found in Appendix c. 
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It the past few years, the user community has 
demanded equipment that eases the maintenance burden by some 
degree of self-diagnosis. This built-in-test (BIT) and 
built-in-test-eguipment (BITE) capability is easily 

implemented using rapidly advancing technology and miniatur- 
ization of components. The larger, more sophisticated 
equipments, are now microcomputer controlled and have the 
capability to assess their performance and report, via 
telemetry through off-band channels, to a central facility. 
These capabilities and the resulting status data are wasted 
if we lack a facility with the capability to receive, 
analyze, alarm, and react to the information which they 
provide. 

As pointed out earlier, the other services are 
approaching the solution to digital technical control by the 
implementation of an automated facilty, the AN/TSQ-111 or 
AN/TTC-39A in the USAF and USA respectively. The industry 
trend is also toward an automated approach indicating that 
the technology will be forthcoming and the expertise will 
reside both in the government and in the private sector. In 
his thesis, Herrick [Ref. 15: Introduction] points out the 

shortcomings of a manual technical control facility from the 
viewpoint of negative effects on quality and timeliness; and 
the impact of limited personnel capabilities. The demands 
of an all-digital, high-speed data network can exceed the 
capabilities of the human operator to manually monitor and 
respond. 4 



4 As Kantowitz [Ref. 16: 
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Arguments against automation often do not consider 
the situation from the viewpoint that the needs of the users 
are what determines the design and implementation of 
subsequent components. Correctly or not, we have already 
drawn heavily on automation as a solution to the maximiza- 
tion of our command and control capabilities. There are 
fielded and in development, several systems which utilize 
imbedded processors and require reliable high-speed data 
transfer to properly perform their command and control 
missions. These systems are and will become "users" of the 
landing force communications network . 5 The technical control 
facility, with its imbedded MDF, is at the heart of this 
system and its functional requirements are driven by the 
needs of these high-speed data users. Once we have fielded 
systems which demand the requisite circuit reliability, 
security, speed and flexibility inherent in their designs, 
we are unable to back down from the commitment to provide 
this necessary support. To focus only on manual technical 
control is to predetermine the capacity for a "reactive" 
only technical management mode and does a disservice to the 
network subscribers who expect dependable data 

communications. 

On the other hand, too much automation can mean 
disaster in a severely degraded mode of operation. 
Equipment that is too sophisticated could become more of a 
burden to operate and maintain than the system it is 
designed to support. We must always maintain the capability 
to revert to manual operation in a degraded mode or in cata- 
strophic failure situations (e.g.: loss of power, battle 



5 These include systems such as: the Marine Integrated 

Fire and Air Support System (MIFASS) , Tactical Combat 
Operations (TCO) , Tactical Air Operations Center (TAOC) , 
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damage, ...). It is essential to include, by specification, 
manual and physical back-up capabilities when we select or 
design support systems such as a technical control facility. 



The technical control facility described in the 
following is assumed to be automated. It will contain 
provisions for a "failsoft*' mode 6 with the explicit capa- 
bility to manually, or semi-automatically operate all of the 
various elements in the TMDE suite inherent in the concep- 
tual design; but the desired primary mode of operation will 
be automatic. 



4. Levels of Ca pabi lit y 

In a military application, we often discuss required 
versus desireable capabilities. These required capabilities 
are essential for completion of a successful mission- Other 
capabilities, which are desireable, are not required for a 
successful mission, but do contribute significantly to our 
ability to effectively manage and control the communication 
system. The loss of a desireable capability degrades the 
operation but does not cause mission failure. Let us now 
define four levels of capabilities: the first will represent 
all mission essential capabilities, the others, various 
degrees of enhancement beyond the mission critical needs. 
Descriptively, these desireable levels will be: minimum, 

nominal, and maximum; representing increasing capabilities 
beyond mission essential. The remaining discussion will be 
annotated with these levels <0>, <1>, <2>, and <3> respec- 

tively as follows: 7 



6 A capacity for graceful 
tional capability to a more pr 
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Level <0> - mission essential. Lack of a mission essential 
capability causes mission failure of the primary equip- 
ment (e.g.: technical control facility). 

Level <1> - minimum. The minimum additional capability 
required to perform all of the procedures and tasks to 
implement functions stated at a minimum degraded level 
of operation. 

Level <2> - nominal. The nominal or average capability 

desired to perform all of the stated procedures and 
tasks to implement functions in a manual, semi- 
automatic mode. 

Level <3> - maximum. The capabilities required to perform 
all of the stated procedures and tasks to implement 
functions in a fully automatic mode, with manual opera- 
tion as necessary. 

B. TECHNICAL CONTROL ASSOMPTIONS 

Prior to a discussion of the more specific functional 
and procedural requirements of technical control in the 
LFICS switched network, there are certain underlying assump- 
tions which must be stated. These are made with the intent 
of avoiding later misunderstanding and to remove the burden 
of needless detail and inter-relationships in the following. 

The technical control facility (TCF) of interest will be 
employed at MAF, MARDIV, HAW and FS3G (and HA3) level nodal 
LFICS elements. For this reason, and to meet the USMC stan- 
dardization requirements, the TCF will have certain inherent 
minimum characteristics which are stated here as required 
without extensive justification: 



at <3> in both. 
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1. Main Distribution Frame (MDF) - the primary MDF will 
be located within the TCF and will provide the 
connectivity between the internodal circuits and DCE; 
and the intranodal circuits, DCE and DTE. This does 
not preclude the operational employment of an alter- 
nate MDF for contingencies. 

2. Shelterized - the TCF will be contained in a standard 
military shelter, such as one of the S-280/G variety. 
Since the resulting TCF is a direct replacement for 
the existing AN/TSQ-84, there is no impact upon 
transportabil ity. 

3. Power - the TCF will have a requirement for power in 
all but its most seriously degraded operational 
mission essential mode. This requirement is esti- 
mated to be approximately 30 KW based upon similar 
facilities. 

4. Eeguisite DCE/ DTE - the TCF will be equipped with a 

requisite suite of DTE (telephones, TTY 

terminal, ... ) and DCE (modem, multiplexor, data 
buffer, encryption device, ...) which are compatible 
with the fielded nodal circuit switching ana terminal 
equipments and in sufficient variety as appropriate 
to the accomplishment of the required functions. 
This is particularly necessary at levels <2> and <3> 
for establishment of an equal level interface between 
signals. At other levels, the TCF can, in a degraded 
or mission essential mode, be effectively null and 
pass all circuits through without signal conversion 
action or any effect other than physical or metallic 
connectivity. 

5. Environmental - the TCF will be equiped with environ- 
mental control units (ECU/air conditioners) and 
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required collective protect 
enhance the survivability of 
and any resultant suite of 
diagnostic equipment (TMDE) ; 
and computing equipment, 
function in all but its most 
ational mission modes. 



ion equipment (CPE) to 
both its human operators 
test, measurement and 
conditioning equipment; 
These ECO and CPE will 
seriously degraded oper- 



6. Personnel - the existing T/0 provides adequate 

personnel for operation of the existing TCF. It is 
anticipated that this will remain true for the newer 
TCF. However, the personnel quantity and skill 
levels is not a function solely of the resulting TCF 
system design but on the overall complexity of the 
nodal and network system. Personnel and training 

issues will not be discussed in this study. 



7. Quantity - there will be one TCF in each of the major 
nodes mentioned. This dictates that a total of 12 
units will be modified or procured for operational 
LFICS use and additional units (as required) for 
training of operating personnel and maintenance 
technicians. 



C. TECHSICAL CONTROL FUNCTIONS AND PROCEDURES 
1 . Expanded Description of F unction s 

The following are more specific discussions of the 
required functions of technical control (procedures are 
discussed later) . Included in each function description is 
the implied coordination with senior, adjacent and subordi- 
nate technical control facilities. 

a) Connectivity - the technical control facility will 
include the main distribution frame (MDF) function. 
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This MDF will provide connectivity of all circuits 
including: metallic (2-W, 4-W, 26-pair, coaxial 

cable), fiber optic, or radio circuit media which 
carry analog or digital signals between all intranodal 
eguipment (DTE and DCE) and internodal transmission 
media (DCE) . The connectivity will remain in the 
absence of power (i.e. : a physical, or metallic 
connection) . The logical network connectivity, or 
routing algorithm is implemented in the switching 
eguipment. 

b) Monitoring - the technical control facility will 

include the capability to passively monitor (without 
circuit interruption or degrading effect) all circuits 
which pass through the MDF to detect impairments and 
degradation of transmission media and eguipment. This 
enables the implementation of a predictive mode of 
technical control [Bef. 17: pp. 344-345]. This moni- 
toring is solely to detect deradation or outage as 
reflected in the electrical properties and impairments 
of each circuit. It is not performance monitoring in 
the sense of collection of system statistical data 
such as: holding times, traffic flows, primary and 

alternate routings, etc. These latter forms of moni- 
toring are best accomplished by the switching 
eguipment. 

c) Isolation - the technical control facility must have 
the capability to emply appropriate troubleshooting 
procedures to logically isolate to a portion or 
portions of the circuit path and/or eguipment as being 
the cause of circuit degradation or failure. 

d) Restoral - the technical control facility will have 
the capability to restore circuits to service once it 



is determined that there is an outage or sufficient 
degradation as to prevent effective usage of that 
circuit. This can include electronic corrective meas- 
ures applied to the circuit media (line conditioning) 
as well as the insertion of spare or standby media and 
equipment as replacements. 

e) Reporting - the technical control facility will main- 
tain records, circuit logs, circuit status, etc. , as 
required by the Defense Communications Agency (DCA ) 
and locally approved regulations. The TCF will report 
as reguired to the controlling operational system 
control center (OSCC) . 

2. Gen eral Procedures for Im plemen tation of Functions 

The following describes in broad terms how a tech- 
nical control facility would implement for provision of the 
desired functions at the various levels <0> to <3> of 
mission capability: 

Level <0>: mission essential operation only. Connectivity 

is accomplished by the physical connections of the MDF. 
Monitoring is limited to the application of hand-held, 
battery powered, test equipment (such as a multi-meter, 
signal/noise meter, field telephone, ...). There is 
not a significant capability for quantification of test 
results. Isolation is a manual process of monitoring 
circuits in point-to-point or loop-back 8 mode using the 
same test equipment mentioned earlier with coordinated 
and controlled troubleshooting techniques. The circuit 
performance is verified in segments of ever increasing 
distance from the MDF until a point is reached where 



. 0 Eoint-to-poi nt testing is the application of similar 
equipment at each end of a circuit; loop-back requires the 
distant end of the circuit to patch transmit to receive and 
vice-versa. 



the degradation or failure is introduced and therefore 
evident. The circuit media or equipment fault is then 
isolated. Eestoral is accomplished by the replacement 
of a faulty media or equipment component by patching of 
spare or standby equipment; or actual removal and 
replacement of the entire failed component by a trouble 
team. Reporting is done by telephone or messenger and 
records are maintained by manual means. 

Level <1>: minimum enhancement above mission essential oper- 
ation. Same as level <0> except the monitoring capa- 
bilities are enhanced by the addition of in-line 
parallel extensions to the MDF and by the application 
cf an MDF/TCF mounted suite of analog 
TMDE (oscilloscope, spectrum analyzer, ...) which is 
employed using manual or semi-automatic procedures on 
selected circuits. There is a significant capability 
to quantify analog and some digital test results. 
Restoral capabilities are enhanced by analog circuit 
line conditioning equipment (line amplifiers, attenua- 
tors, delay envelope equalizers, ...) which allow the 
correction of certain quantified analog circuit proper- 
ties to within acceptable standards. Reporting remains 
the same. Reliable power is required for the implemen- 
tation of level <1> activities. 

Level <2>: nominal enhancement above mission essential oper- 
ation. Connectivity remains the same. Monitoring is 
accomplished by the application of a more sophisticated 
suite of TMDE which includes both analog and digital 
test instruments (e.g.: oscilloscope, spectrum 

analyzer, bit-error-rate (BER) tester, ...) to selected 
circuits using manual or semi-automatic techniques. 
Quantified analog and digital results can be used in 
restoral efforts. Isolation procedures 
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remai n 



essentially the same. Restoral capabilities are 

enhanced by the addition of digital circuit condi- 
tioning eguipment (amplifiers, attenuators, delay enve- 
lope equalizers, which allow the correction of 

certain quantified circuit properties to within accep- 
table standards. Reporting remains the same. 

Level <3>: maximum enhancement above mission essential oper- 
ation. An on-line computer is added with a bus 
compatible suite of computer controlled TMDE , and an 
electronic crosspoint matrix. Connectivity is provided 
by the electronic, computer controlled, crosspoint 
matrix with physical patching as a backup. Monitoring 
is accomplished by a suite of computer controlled, 
multi-purpose, analog and digital TMDE (such as: spec- 

trum analyzer, BER tester, ...) which will provide 
alarms to the operator when an analog or digital 
circuit is degraded beyond tolerances or a failure 
occurs. Isolation is essentially the same as earlier 
but the point-to-point examination of a circuit may be 
performed by two TCF computers with the results and 
recommendations presented to the TCF operator for 
action. Restoral can be accomplished automatically by 
the controlling computer (within certain preset guide- 
lines) , semi-a utomatically by specific operator action 
at a keyboard, or manual patching actions. Reporting 
and status data collection involves data flow into and 
out of the TCF via telemetry channels from the various 
EC E/DTE , processing at the TCF and subsequent reporting 
to the controlling OSCC/OSC. 
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SUHMABY OF DESIBED TECHNICAL CONTROL IMPLEMENTATION 



1 - Technical Con trol F unc tional I mp l ementation 

Together with the above assumptions regarding the 
MDF, shelterization, power, requisite equipment, and envi- 
ronmental equipment, and given the various levels of capa- 
bility enumerated above, the following is a level annotated 
top-down summary of the desired and reguired technical 
control functions and possible means of implementation: 

Connectivity : 

<3> The MDF is a computer controlled, equal 
level, 9 crosspoint matrix which connects 
nodal DTE/DCE to the internodal transmission 
DCE. Additional resources are included as 
on-line standbys for restoral procedures. 

<0> A physical or metallic MDF patch capability 
for both analog and digital signals provides 
back-up in the event of loss of power. 

Monitoring: 

<3> A computer controlled suite of analog/digital 
TMDE is applied to the nodal circuits using 
either continuous or statistical selection 
methodologies. * ° 



9 Analog and digital signals are made compatible prior to 
their appearance at the "equal level" patch matrix. Note 
that signals are not converted to equal levels if they 
require no technical control action other than connection to 
a suitable media. Egual level implies all necessary conver- 
sion: A/D conversion, multiplexing, encryption, data rate, 

buffering, etc. 

l °Continuous ” all circuits are scanned periodically; 
statistical - selected circuits are scanned more 
frequently (higher priority) and/or some circuits are 
managed on a f ix- whe n-failed basis (low priority). 
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<2> This same TMDE can be operate manually or 
semi-automatically for critical assessment of 
an identified circuit degradation or failure. 

<0> Battery powered test equipment is utilized to 
monitor performance on selected circuits. 



Isolation : 

<3> The resident computer continuously monitors 
telemetry data from the various DTE/DCE for 
unusual conditions, interacts with other 
technical control computers, analyzes the 
results, and makes recommendations as to the 
location of a faulty component of either 
media or equipment. 

<2> Location of a faulty or degraded component of 
either media or equipment is accomplished by 
application of the suite of TMDE using 
manual, or semi-automatic procedures in 
point-to-point or loop-back modes. 

<0> Identification of the failed or degrade equip- 
ment or media component is accomplished by 
the application of battery powered test 
eq uip ment. 

Eestoral ; 

<3> The resident computer makes crosspoint changes 
automatically (within preset guidelines) , 
upon operator approval, or by operator initi- 
ated action at a keyboard (assumes a pool of 
spare resources is available) . 

<0> The operator makes physical patching changes 
on the MDF. 
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Reporting : 



<3> The nodal DTE/DCE report to the TCF computer 
via telemetry- This information is summa- 
rized in an on-line TCF data base which is a 
record of all operator actions, alarms, 
restoral efforts, etc. It is also an on-line 
station and circuit log used later to 
construct reports, summaries, etc. The TCF 
reports to its controlling OSCC/OSC via 
computer link. 

<2> The TCF reports to its controlling OSCC/OSC 
manually by telephone or written means. 

2. Technical Con t rol Block D iagram 

Now that the assumptions, functions and procedures 
of technical control have been outlined in general and more 
specific terms, a technical control facility block diagram 
can be constructed. Figure D. 2 in Appendix D will represent 
the desired ideal technical control facility during further 
discussion. The basic diagram is borrowed from [Ref- 18: 
p. 14 - 3 ], simplified, and improved with the additional 
resources and capabilities discussed earlier (central 
processor, computer controlled TMDE, ...). 



V. ALTERNATIVE SO LUTI ONS TO DIGITAL TEC HNICAL CONTROL 



As a result of this and any subsequent study, there are 
two decisions required. He must select the preferred means 
for implementation of the required technical control func- 
tions and procedures for both the near and lonq term. The 
long term decision is dependent upon the near term decision, 
that is, it is a compound decision. Once the solution for 
the near term is selected, the long term solution uses that 
choice of equipment as a minimum baseline for future use. 
This compoundedness will be discussed and resolved in the 
followinq chapter. The criteria for each situation are 
different due to both the relative time periods and the 
mixtures of fielded equipment. These differences will be 
mentioned, as appropriate, in the following discussion. 

A. UNDERLYING LFICS ASSUMPTIONS 

There have been actions taken to include limited tech- 
nical control capabilities in the AN/TTC-42 (Enhanced). The 
Command and Control Master Plan [Ref. 2: p. 1-29] points out 
tha t : 

". . . AN/TTC-42 (Enhanced) replaces both the AN/TTC-38 

(analog) circuit switch and the AN/TSQ-84 communications 
control center and will perform both circuit switching and 
technical control functions. " 

In a subsequent remark [Ref. 2: p. 1-31], it is also 

mentioned that the SB-3865/TT will have limited technical 
control capabilities. This could be interpreted either as a 
desire to make the circuit switch into a fully capable, 
combined switching/multiplexing/technical control facility 
as discussed by Waxman [Ref. 19] or as a means of providing 
a redundancy of limited technical control capability in the 
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nodal switching center. In the former case, our requirement 
for an additional technical control facility is limited to 
services provided to selected circuits which do not pass 
through the circuit switch (if any) and can consist of a 
minimal facility. In the latter, our requirement is for a 
complete analog and digital technical control facility which 
is separate from the switching equipment. 

During the movement and assault phases, the unit level 
circuit switches (ULCS) operate in support of landing force 
troop spaces and activities independent of a technical 
control facility. Their inherent limited technical control 
capabilities can be used to advantage in this environment. 
Once ashore, in a more stable and demanding environment (due 
to the density and variety of users) , the technical control 
capabilities of the circuit switches become inadequate. 

The LF ICS configurations are dynamic, changing rapidly 
as dictated by mission and tactical requirements. We must 
provide for the contingency of loss of a major circuit 
switch and the resulting need for rapid reconfiguration, and 
capabilities such as: analog to digital conversion, multi- 

plexing, encryption, data buffering, etc. In this circum- 
stance, the need for a separate, centralized technical 
control and main distribution frame becomes more apparent. 
Additionally, since the concentration of all technical 
control capability in one location is unwise in a hostile 
tactical situation, we may conclude from this that we 
require both the circuit switch capabilities and a separate, 
fully capable and redundant technical control facility. The 
redundancy can be employed in a primary role as the focus of 
technical control management or in a secondary role, as a 
critical back-up capability in support of the more primitive 
remote circuit switch or terminal equipment capabilities. 
The switch and terminal equipments can be employed as patch 



and test facilities (PTFs) with centralized control at the 
main technical control facility in agreement with the joint 
service approach to COMMCON discussed in Appendix A. 



Finally, there is an assumption of normality in the 
design and implementation of any system. That is, we assume 
that the majority of its operation will be under normal or 
near normal conditions. We do, however, have to plan for 
the worst possible situation in the military environment. 
It is easy to visualize operation in a most severely 
degraded mode where subscribers would be directly connected 
to a transmission media and required to perform their own 
circuit monitoring, isolation and restoral actions. This 
would occur in cases of severe battle damage or catastrophic 
failure of the technical control facility, MDF, circuit 
switch or message switch. In short, we must plan for the 
worst yet hope for the best; and know our capabilities and 
implementation scheme at each extreme and in the middle 
ground. As much as possible, we must plan for a graceful 
degradation when it becomes necessary to do so. The grace- 
fulness of this transition from normal to degraded modes 
depends on the location of the outage, and the capability of 
the technical control facility to respond with circuit 
rerouting, replacement of lost equipment with spares, and 
restoral of any necessary lost signal conditioning or 
processing capabilities. 



B. CENTRALIZED/DE-CENTRALIZED CONTROL OF TECHNICAL CONTROL 

There is no doubt that centralized control and coordina- 
tion of technical control activities is desired as a primary 
goal. This approach is supported by both the military and 
commercial communities as it has the obvious advantage of 
providing a focal point for all technical management activi- 
ties. There is the possibility, due to battlefield 
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conditions, that a centralized facility is not feasible, 
must then have the capability to temporarily revert to 
de-centralized technical management. 

In a degraded state, we must have provision for 
de-centralization of the management technical control. This 
capability will be present in the circuit switch and in the 
various radio sets and terminals. It means simply that the 
operators of these PTFs will be reguired to independently 
manage their portion of the network until normal operating 
conditions can be restored. They will be provided the capa- 
bility to perform (in some limited degree) the functions of 
technical control as stated in a previous chapter. Since 
this is not the preferred method of management of technical 
control activities, every effort should be made to 
re-establish a centralized facility as soon as possible 
after the outage or damage is corrected. It is best to plan 
for an alternate MDF/TCF to make this transition as guickly 
as possible thus regaining centralized technical control of 
the system. 

C. CONTBOLLED EXECUTION OF TECHNICAL CONTBOL ACTIVITIES 

Centralized control, as discussed above, is not meant to 
imply that technical control capabilities do not exist else- 
where in the nodal architecture. Aside from the issue of 
how control of TCF activities is organized, the actual func- 
tions themselves may be centralized or decentralized. Since 
certain LFICS DTE/DCE will have inherent technical control 
capabilities, it would be advantageous to distribute the TCF 
workload as much as possible to these patch and test facili- 
ties (PTF) . While their capabilities are limited by compar- 
ison, they can be utilized to relieve the primary TCF from 
more the mundane tasks, especially in a crisis situation. 
As discussed in Appendix A, these PTF's can also be referred 



to as communica tion-electronics system elements (CESE's) , 
whose activities are controlled by the primary TCF (or 
CNCE-1) . This distributed but centrally controlled activity 
also provides for continuity of technical control activity 
if the primary TCF is lost due to outage or battle damage. 
On the other hand, if a PTF’s capabilities are lost, there 
must be a centralized capability in the TCF to provide 
redundancy and the desired continuity. 

We desire a perfect blend of minimum capability consis- 
tent with the achievement of the communications mission, and 
the capability to continue operation in the presence of 
major DCE (e.g. : circuit switch, radio terminal, ...) 

damage, the solution is a level of redundancy. This leads 
to the conclusion that what we require is a primary and 
secondary capability at different sites. We have already 
seen that PTF’s are somewhat capable, but they are not 
candidates for primary TCF functions. It is then apparent 
that we must establish a fully capable and redundant primary 
TCF with the PTF's as secondaries, in full agreement with 
initial TRI-TAC system concepts. The selection of this 
primary facility will be done in the subsequent discussion 
and decision processes. The several alternatives are 
discussed below. 

D. CENTRALIZED TCF ALTERNATIVES 

The following items of equipment are identified as the 
primary range of choices to meet the needs of the Marine 
Corps for the centralized primary technical control 
facility. Their sequence of presentation implies no prefer- 
ence at this point. There is a summary of the more specific 
capabilities of each found in Appendix C and system level 
block diagrams in Appendix D. As will be seen in the next 
chapter, there are differing criteria for selection in the 
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near term vice the long term. The alternative technical 
control facilities are: 

1 . OS Air Forc e Faci lity ( AN/TSO-1 1 1 ) 

The AN/TSQ— 111 (Variant) is the OS Air Force commu- 
nications nodal control element (CNCE) . It was originally 
the jcint service (TRI-TAC) approach but the OS Army and 
Marine Corps have deferred from active participation in its 
development and procurement. The TSQ-111 was designed and 
built to perform the functions of technical control in an 
automated mode with a manual capability as back-up. It has 
demonstrated its capabilities and is compatible with all 
TRI-TAC user, switching and terminal relay equipment. It 
has completed developmental and operational 

testing (DT/OT-III) successfully with deficiencies noted in: 
reliability, availability and maintainability (RAM) , soft- 
ware, safety, human engineering and dynamic memory [Ref. 20: 
p. xii]. It is assumed that these deficiencies can and will 
be corrected thereby making the TSQ-111 a viable alternative 
choice for the long term. There is too little lead time and 
high acquisition risk (quantity, schedule) to consider it as 
a viable USMC alternative for the near term. 

2. US Army Faci lity (A N/TTC-39 A) 

The US Army approach to the problem is the enhance- 
ment of their planned AN/TTC-39A circuit switch to provide 
technical control capabilities. These equipment capabili- 
ties were extracted from the AN/TSQ-111 and installed in the 
TTC-39A. The TYC-39A was designed with the capacity to 
support a US Army corps area in a single or multiple shelter 
configuration. It is a larger, compatible version of the 
TTC-42 already planned for USMC use. Due to its intended 
employment at corps level, the TTC-39A is not viewed as a 
viable Marine Corps alternative solution in either the near 
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term or long term but will be included as an alternative as 
a means of validating the decision processes. 

3 . Planned U SMC Circ uit 5 wit ching Facili ty ( AN/TTC-4 2) 

The AN/TTC-42 circuit switch will have analog and 
digital capability, and limited technical control capabili- 
ties. There is a patch panel, automatic monitoring of trunk 
circuits is performed on a go/no-go basis, but there is no 
line conditioning capability. Its availability in the near 
term makes it a viable candidate if we are willing to accept 
its primitive and limited technical control capabilities. 
It could be employed alone, with a primitive MDF, with the 
existing AN/TSQ-84 or the several various AN/TSQ-84 modifi- 
cations dividing the total mission into the analog and 
digital tasks best suited to both. 

4 . Analog an d/o r Digit al MDF 

It would be possible to implement a level <0> capa- 
bility at an MDF for analog and/or digital circuits. The 
existing SB-4097/U is essentially an analog MDF. A hybrid 
analog/digital MDF could be constructed to interface with 
both 26-pair and coax directly or through separate 
converters. This could be achieved for the near term. Its 
applicability in the all digital long term is doubtful. 

5. Existing USM C Facility (AN /TSQ-8 4) 

The existing facility is acceptable for use with 
analog circuits but is unacceptable for use with digital 
circuits beyond simple connectivity (26-pair compatible) . 
Its 26-pair cable interface is not compatible with the 
circuit switch coaxial connections nor the coaxial media 
from a tactical data system, message terminal or multiplexed 
user group. To be acceptable at a minimum level of digital 
connectivity, the existing TSQ-84 would require interface 
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